against closely related bacteria (10). These compounds prevent the growth of pathogens that makes them promising for use as probiotics (11) (12) . Furthermore, L. lactis is able to reduce the level of cholesterol (13) . Another practical application of lactococci is live vaccines (14) (15) . Exopolysaccharides producing by lactic acid bacteria stimulate the immunity of host (16) (17) (18) .
In this study, we isolated and studied structures of exopolysaccharides from Lactococcus lactis 1024-BIM, which appears antibiotic susceptible according to the European Food Safety Authority (EFSA) requirements and is perspective for application as probiotic and live vaccines.
Materials and Methods
Isolation of polysaccharides A cell wall preparation was obtained by cell disintegration using a UZDN_1 ultrasonic disintegrator as described (19) . Polysaccharides were extracted from the cell walls with 10 % TCA (1:10 w/v) at 4 °C for 48 h. The mixture was centrifuged, the supernatant was dialyzed against distilled water and lyophilized to give CE. The sediment was extracted with 10 % TCA at 100 °C for 5 min, the supernatant was dialyzed against distilled water and lyophilized to give HE. Both polysaccharide preparations obtained were dissolved in pyridinium acetate buffer and applied to a column (80 ´ 1.6 cm) of TSK HW-40 (S) using 1% AcOH as eluent and monitoring with Knauer differential refractometer.
The polysaccharide preparations (22 mg) from cold and hot extracts were combined and fractionated by anion-exchange chromatography on a column (20 × 1 cm) of DEAE-Trisacryl M using a stepwise gradient of 0.005, 0.01, 0.1, 0.25, and 0.5 M hydrogen sodium phosphate pH 6.3. As result, two polysaccharides were obtained: PSI eluted in 0.005 M buffer (6.1 mg) and PSII eluted in 0.1 M buffer (10.4 mg).
Chemical methods
Hydrolysis was performed with 2 M CF 3 CO 2 H (120 °C, 2 h), the monosaccharides were analyzed by GLC as the alditol acetates on an Ultra 2 capillary column using a Hewlett-Packard 5880 instrument and a temperature gradient of 180 °C (1 min) to 290 °C at 10 °C min -1 . The absolute configurations of the monosaccharides were determined by GLC of the acetylated glycosides with (S)-2-octanol as described (20) .
PSII was treated with 48 % HF at 4 °C for 16 h, and the products were fractionated on a TSK HW-40 column as described above.
NMR spectroscopy NMR spectra were recorded for solutions in 99.95% D 2 O after deuterium-exchange by freeze-drying from 99.9% D 2 O. Spectra were measured on Bruker DRX-500 and Bruker Avance II 600 spectrometers with 5 mm broadband inverse probehead at 30 °C. Sodium 3-(trimethylsilyl)propanoate-2,2,3,3-d 4 (δ H 0.0, δ C -1.6) was used as internal standard for calibration. 2D NMR experiments were performed using standard Bruker pulse programs. The 2D TOCSY and ROESY spectra were recorded with a 60 ms duration of MLEV-17 spin-lock and a 150 ms mixing time, respectively. The gradient-selected 1 H, 13 C HMBC spectrum was recorded with a 60 ms delay for evolution of long-range spin couplings.
Mass spectrometry
High-resolution ESI mass spectra were measured on a Bruker micrOTOF II instrument (21) . The measurements were done in positive or negative ion modes (interface capillary voltage -4500 V or 3200 V, respectively); mass range from m/z 50 to m/z 3000 Da. Internal calibration was done with Electrospray Calibrant Solution (Fluka). A syringe injection was used for 1:1 acetonitrile/water solutions (flow rate 3 mL min -1 ). Nitrogen was applied as a dry gas; interface temperature was set at 180 °C.
Results and Discussion
Polysaccharides were isolated from disintegrated cells of L. lactis BIM B-1024 by stepwise extraction with 10% CCl 3 CO 2 H first at 4 °C for 48 h and then at 100 °C for 5 min. The cold extract and hot extract were separately dialyzed, lyophilized, and purified by GPC on TSK HW-40 (S). Sugar analysis by GLC of the alditol acetates revealed similar composition of both extracts, which contained ribitol (Rib-ol), glucose, galactose, and GalNAc. The d configuration of the monosaccharides was determined by GLC of the acetylated (S)-2-octyl glycosides (22) .
The NMR spectra suggested that both extracts are mixtures of polysaccharides, which were separated by anion-exchange chromatography on DEAE-Trisacryl M using a stepwise gradient of 0.005 to 0.5 M hydrogen sodium phosphate pH 6.3. As result, two polymers were obtained: a neutral polysaccharide PSI and an acidic polysaccharide PSII, which were studied by 1D and 2D NMR spectroscopy. Table 1 .
containing an additional galactose residue have been found in Lactobacillus lactis subsp. cremoris B891 (24) and Lactobacillus helveticus K16 (25) The NMR spectra of PSII were assigned using P HMBC experiments ( Table 1) , and it was found that PSII consists of repeating units contaning two glucose and two GalNAc residues and ribitol designated units F-K. The a-linkage of GalpNAc (F) and b-linkages of GalpNAc (G) and both Glcp (H and J) were established by characteristic H-1 and C-5 chemical shifts ( Table 1) and the presence of H-1/H-2 cross-peaks for unit F and H-1/H-5 cross-peaks for units G-J in the ROESY spectrum ( Table 2 ).
The C-1-C-5 chemical shifts of Glcp (H) and Glcp (J) ( Table  1) were similar to those of non-substituted b-Glcp (22) and, hence, both glucose residues occupy the terminal positions in side chains. Downfield displacements were observed for the signals of C-3, C-4 and C-6 of GalpNAc (F), C-3 of GalpNAc (G), C-1 and C-5 of ribitol (K), as compared with their positions in the corresponding non-substituted compounds (22) . These shifts defined the positions of substitution of the sugars and ribitol in the repeating unit.
The sequence of the monosaccharides was determined by correlations between the anomeric protons and protons at the linkage carbons or the linkage carbons revealed by the ROESY and HMBC experiments, respectively ( Table 2) . The 1 H, 31 P HMBC spectrum showed correlations between a phosphate group and H-1 of ribitol (K) at δ 1.0/3.98, 4.06 and H-6 of GalNAc (G) at δ 1.0/4.05 and 1.0/4.12. Phosphorylation of ribitol (K) at O-1 was confirmed by a low-field positions of the signal for C-1 at δ 68.0 as compared with its position at δ 63.8 in non-substituted ribitol (26) .
Therefore, the repeating unit of PSII is a branched tetrasaccharide-ribitol phosphate having the following structure:
In addition to the major signals tabulated in Table 1 , the NMR spectra showed a number of minor signals, which were not assigned owing to their low intensities. These signals may belong to monosaccharides from terminal oligosaccharide units of PSII.
Treatment of PSII with 48% HF afforded dephosphorylated oligosaccharides, which were fractionated by GPC on TSK HW-40 (S) and studied by 1D and 2D NMR spectroscopy (for assigned 1 H and 13 C NMR chemical shifts see Table 2 ) and highresolution ESI MS. Two major compounds were identified as tetrasaccharide-ribitol (1) confirmed the structure of PSII.
To the best of our knowledge, the PSII structure is unique among known bacterial polysaccharides. Earlier, a cell wall polysaccharide having a similar structure of the main chain but with only one side chain of a single galactose residue has been reported in Lactococcus lactis subsp. cremoris H414 (27) .
